12 United States Patent
Chen

US010810923B2

US 10,810,923 B2
Oct. 20, 2020

(10) Patent No.:
45) Date of Patent:

(54) GOA CIRCUIT AND DISPLAY PANEL AND

(52) U.S. CL

DISPLAY DEVICE INCLUDING THE SAME CPC ............. G09G 3720 (2013.01); GO9G 3/3677
(2013.01); G1IC 19728 (2013.01); G1IC
(71) Applicant: SHENZHEN CHINA STAR 197287 (2013.01);
OPTOELECTRONICS (Continued)
TECHNOLOGY CO., LTD., (58) Field of Classification Search
Shenzhen, Guangdong (CN) None _
See application file for complete search history.
(72) Inventor: Shuai Chen, Shenzhen (CN) _
(56) References Cited
(73)  Assignee: E)I;I%glzilggﬁﬂgﬁc ETAR U.S. PATENT DOCUMENTS
TECHNOLOGY CO., LTD., Shenzhen 7,953,201 B2*  5/2011 TSai .oooevveererrennnne. G11C 19/28
(CN) 377/64
8,396,183 B2* 3/2013 Yang ...........ccoenveee, G11C 19/28
(*) Notice: Subject to any disclaimer, the term of this _ 377/64
patent is extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 149 days. . .
(b) by 145 days FOREIGN PATENT DOCUMENTS
(21) Appl. No.:  16/321,970 CN 104732939 A 6/2015
CN 105632441 A 6/2016
(22) PCT Filed: Sep. 11, 2018 (Continued)
(86) PCT No.: PCT/CN2018/105019 Primary Examiner — luan T Lam
$ 371 (e)(1) (74) Attorney, Agent, or Firm — Mascholl Brennan
C ’
(2) Date: Jan. 30, 2019 (57) ABSTRACT
‘ A GOA circuit 1s provided, the GOA circuit being a cascaded
(87)  PCT Pub. No.. W02020/015091 multiple-stages GOA circuit, each stage GOA circuit com-
PCT Pub. Date: Jan. 23, 2020 prising a pull-up control unit, a pull-up unit, a signal
downward transfer unit, a pull-down unit, one pull-down
(65) Prior Publication Data maintenance unit and a bootstrap umt, each stage GOA
circuit being disposed with a clock signal input terminal, a
US 2020/0027383 Al Jan. 23, 2020 first node, a first voltage mput terminal, a pull-down signal
_ o o input terminal and a scan signal output terminal to output a
(30) Foreign Application Priority Data scan signal onto a horizontal scan line, the one pull-down
maintenance unit comprising an inverter, the first node being
JU]. 18:J 2018 (CN) .......................... 2018 1 0790896 disposed between an Output tenninal Of the pull_up Control
unit and the bootstrap unit, when a potential of the first node
(51)  Int. CI. 1s a high potential, a potential of a pull-down signal 1nput to
g(l); g é % %0 888283 the pull-down signal mput terminal 1s a low potential.
(Continued) 15 Claims, 4 Drawing Sheets
: od [ T . i CRINCE b-sn TN E : i .i .
2 __- : 'j‘;—i—# -~ Al LCE :; ; z - % 5 ; | i i :
e o e S W S R O



US 10,810,923 B2

Page 2
(51) Int. CL 2016/0275895 Al*  9/2016 Dai ..............
G09G 3/36 (2006.01) 2017/0039968 Al  2/2017 Chen et al.
GI1IC 19728 (2006.01) 2017/0229084 Al* 8/2017 Wang ...........
(52) U.S. CL 2017/0270886 Al1* 9/2017 Yu ....cooevvvvnnn.,
CPC ..o GO9G 2300/0408 (2013.01); GO9G 2018/0061349 AL*  3/2018 Xu ..o
2300/0426 (2013.01); GO9G 2300/08 20180090087 AL 32018 - Shi
(2013.01); GO9G 2310/0202 (2013.01); Go9G 20180122518 AL® 572018 Cao ...ovvce
2310/0267 (2013.01); GO9G 2310/0286 2018/0218696 AL™ 82018 " Du oo
(2013.01); GO9G 2310/06 (2013.01); GO9G 383?8?521‘2% i;ﬁ{ ;ggg %@Hg *************
1 1 1 511 U
2310/05 (2013.01) 2020/0043429 Al* 2/2020 Xu ....cooon.
(56) References Clted FOREIGN PATENT DOCUM
U.S. PATENT DOCUMENTS |
CN 205282053 U 6/2016
10,140,913 B2  11/2018 Chen CN 106023933 A 10/2016
10,186,223 B2 1/2019 Xu CN 106898290 A 6/2017
2009/0304138 Al™*™ 12/2009 Tsal .....cooovvvvvvnnnnne, G11C 19/28 CN 107610668 A 1/2018
377/79 KR 10-2007-0095585 A 10/2007
2016/0164514 A1* 6/2016 X140 ......coocvvvnnnee, HO3K 17/687 _ _
327/109 * cited by examiner

ttttttttttt

....... GO09G 3/3696
G09G 3/20
....... G09G 3/3677

iiiiiiiiiii

....... G09G 3/3648
******* G09G 3/3659
.... HO1L 27/14689
******* G09G 3/3677
...... GO2F 1/13306

ENTTS

G09G 3/36



U.S. Patent Oct. 20, 2020 Sheet 1 of 4 US 10,810,923 B2

:‘g:_t"n hale mlle N ol o ol S B R i B T B bl i B Te T e o BT e e Bl il e B B Tl

},"fﬁﬂf

31 1t

% a4
§ 63 :
AN >
3 PRTOUS. S

%
ﬁ%“"

R RY

B R, T T, N R, B T N v, WO Y M T T, TR ST R, N B

e R N

AR A 4_{ R s

Fp mum Fa
ut o ""vr"-"r"::e.

-h.\;‘: " E‘E '{}

gy Nl b o
FESRNFY LT N
P P i M e ey e
r E

N T T A I P P R N B S T P IR g
L
= Wt a0 R T e W O A W

2
1
-
b
. . ‘v
e i A
m\ﬁ.} x o
r L] LS j 1 }:
= L
b
% a 5 2
: . .\iﬁ:-q 2
) " o y
- T y ) T N - L S w, -
} F-r [, L] '!;'
3 3 3 e, Y 2 B _ >
* g < ! 3 A ' ¥
* b < » Y 3
2 % hy | h BN e L R R R R R B B L B R B, e,
Yo R e W e e R W u.'n-s.ﬁH.n'q.u.ahq.-h\l.u:uu.wuu-uu-{su,a-v-ﬂﬁhuhwu,-.hami.ﬂﬂ,ﬂ- b \ :; .
) < ¥ 2 ol R Ny :
3 N 3 s 53 {h :
xr - i
h } ﬁh'&&- } }- ’ : i1 o ?
:‘}'-. 1 3 § Y .1::*:. &
X ¥ \ ¥ . -
‘.!. J' { :' . -l :* :'
} ! ) v o3 2 :
'.:-._. % » % - : L,
".l. e e W e a e wm e aa -"'-"\'Il
% { ; ; . .
;) e, . ] Y ¥ -
‘ % y - . LSRR I 1? ,h.
% . RN : .
b} h
'{ s :
$ Sl g, ok gy g Wt gty T -"ﬂ-"'-:"
\ {l."'!-"ll.‘!"! LR R WL KL E SR TR ELELR LA RERLE - "L SR Ll Bu il LR ok (k) 'l.'..l_l {I.""l-'\'i- LA SM I TR SLEER S E CR TER E TE L T L ek F)
'I‘ - 3 iy
Y 3 N 3 X3
3 4 b > A
X A ¥, ¥ X
& < > - >
% 3 X 3 4
1 . |.. b 7 L
* » x‘gHa:ﬁ % A N
} 3 *:: > :E
: n :’- r *
> ¢ - 5 < ;
.J L 1 d L 1L 1L - - O 1 L 1 1L d L ~ o & L 1 ‘ 4 1L 1L 1 1L d L1 1 'l'."l. -
; : X ' :
“ ., .
\ > ¥ N ™ ) Iy . »
LY . T
< > o ; t 3 [ v € g,
} ﬂ“\..--t k‘ b iy } x "".1'_1.'-"‘" a
> ¥ 3 v
¢ : X :
! - % -
o > by *
s - & \
! . s Ny
! . £ hy
. & b < b
TEAAN » ", > 5 h
i - :+:.| :'1 :1 :":I.l.‘ LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL ; LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL = tl'
: < : X >
& ;h & 4
) ; > :
et e e e e e et e e e s et e e e e e e e O we - 'T:'-r"- B T Tl T T T e R i T R

Prior Art

FI1G.1

§.0

Orefput

Taput eroneefprnced

¥k

Prior Art

F1G.2



1?"""
[ ] -
Ty

ety
s

S

LY
n
-

US 10,810,923 B2

Sheet 2 of 4

Oct. 20, 2020

U.S. Patent

G~ 1)

._1
it

ko

ALY
2

Prior Art

FIG.3

XCK (N-1)

CK

B Ay W e WA N

ST(N)

N O A WM R SN N ERERAE W R A W B B WA L AR W

"_llll.'lll.ll N . A v S - A v

e rovewy P o e e, - vy e
— i — —— — — ——— S
A I F T T A ¢ e s s e s s L ] A
N [ ——
—— —-— [r— d—— I —
R L L W W R MR W
., o
L —g S

LI B R

LI L B

Prior Art

FIG.4



U.S. Patent Oct. 20, 2020 Sheet 3 of 4 US 10,810,923 B2

b i e B e

 J SR - "':E"u"'i

L

S04

’.:"rilil'ﬁ'#hll-*ﬁﬁ". LR RN LR E R E LR R R R EE LR RN L R N L Y NS A T
. »
: {
% n
+ x
‘t _
%
3 >
by % : §
. R W >
: RBFRRE L Oy -
x - ! ‘-.H.‘q‘-."k‘-q::lp ...‘p .‘
v e x At B
% et N <y g
: 3 : ¢ SNRE
g - 3 RN e
T ) L o ]
i TR TAAT R AT LT ERNT W N o
» X ) { ; i e
£ oW {h pt 3 : 1 " A A uv..v.-.."::-.*. Nt R kR S e e AL L RN
g : < "x W . K, ]
o A x x Ly *, N A
1" R :.- {. "‘ . ::" . Pl : Wy L 1
N : P <% 3 , , 3 : . apa - _ -l {'*E"}%K Rk L 23
f . - VT T T . ™
¥ - - x Ny Z 5 : 5% > ¥ 2 TR W WY R M DT Aty e
. E b 4 £ : . 3 ) . . . 3
'k 1 r ¥ . . " a , | | ' K]
:': x {- i. . + r L] LY ' 1ll-
;L' ' N w 4 R, ' R
v, * * ' . £ QYT Yy by r -
® 3 ¢ : N R i :
:: _‘.._,. A K oW | = n - H . - . . -y L -.:. . A : by b . T, - Sl Ir:-, = . 4 el b H X '}ﬁi [ ]
B T M T T T e T T e T T T Ty Ty T T T, Ty Jr‘-"q-'n"'ﬂn-"-'a's"t‘h" R A ot . . :" 3 * :
: R N N A Y R e e L Mt i U T B e, g L et e Ry LN * - s T = . 3 . "
N T e R R e L Rt S AT B ey ‘ ; e : : hy : . -
R 3 - ] h & ¢ \ -' "
I T, . 1 LT : 2 * + ] ‘- N, ) ! LR
4 . L : L« e . : .
3 v 3 : - . : - .
> - | ' -
. * Jtﬂl.'-- { ¥ I"-- - . . }' L N ' L)
: . % : i) - -N LY . ' n
: L AL > ‘ » b i oy . . .
' $ N I : X : d 3 :
¥ * > " g ™ : ' -
r : % " : .
{ { 1 : L “- I.' L § ' =
o Sl T 1.".;!: E '}, n N : - : .
* .
i . 3 3 : g : R y ' v
- . y * L% * . ‘- T - " -I ]
K . 1: : E : BTttt wt e e atE wtae R T B TR s e
. % 5 - - .
: : ¥ g
% s
W

bl GO

]
1%

Erofr'a:’

et 383

R T R A A S e
LA L N R F LI LR B B B N L LT L R I LT N

___________

I LR I e R L Ly R At R E T E AT TN S B

LA T S K A FE RS AP A SN N A AR N

ER LS L N S R RO N P LN -

" L L a LN
AW A R S WS T e

[ o
3, v . ~ x -
:- LY 3 T e N
F‘h"-"' L R e e Tl T Tl e B T o T e P AL T S P - * Ay L o
2 ii*‘ﬁ‘_‘q“" & 1'ﬂi. 4
L 'M N .
B T T A T A T G N AR R e R R R e R e R e

FIG.6



US 10,810,923 B2

Sheet 4 of 4

Oct. 20, 2020

U.S. Patent

LEFr - FEF

Fr .

]
- ‘tq L o o o ) * o« __!“l.1 - E1 L] Elq -

o

FFr - FFF ¥ iy - ey 7 SEEr v orEE 7

I A el S TR R s

T alalw ] ol ul ull L - ._.”.__ - aafak £ ol afm r il ull .

S N A I
s » v 2Bebelubalalalalalalalalalal ._,..., ....... s aep v e Soleieieieiel
* nly

Lr VR VY Y P Y VY N e 7 mmmy o umes s mame,

x

LN

- e r, sy

PIVIV IV 1V 1V P

Wl 4 Aol o

LR

SN o N o U

F
i e e om pmp a s e ol s cme
F
r
[ 3
[
[ 3
oD
[
[ 3
[
i Halafe o o aPuiar daiary » aiapw v ralplelelelelelelelelelelelefar okl
[ 3

T T L L

L L R T o L

My N RSy Y SR T RyRRE

1r§.|q“tr§.1;rpi\ib
1

e o o N o o T o o + T o

I

T ewer o wwE 7 drwe o Meew. 7 oy

n I..‘.l.. LA et alatatat st n ) " ..‘..‘q.-i. x =k .-11 4
ol Al AT, Al ey i at
i 111111111111111 $ §

+
Com mpp s pEp s wEEp s WEEE 7 iEpEp s
+

e

| 4

L3

.04

m.11 o ompmc o ocyEE e dppia o ol MO e »
v ‘alalatalalallalalatalaluliet Er g AN ¢ Ly A 4 Edar Ne a4 <y
R 4 R e o gttt ululut el SEEE .
.............................. = L o = - =
T R T a a'a'a s s a a " T Mk o AR,
L e o Frys Lr
P~ agbhy L At Pt
v A, s LT L F TS s~
oAy g EEA  Egmas e aad aaa

FIG.7



US 10,810,923 B2

1

GOA CIRCUIT AND DISPLAY PANEL AND
DISPLAY DEVICE INCLUDING THE SAMEL

TECHNICAL FIELD

The present invention relates to a display technical field,
especially to a pull-down maintenance unit that may be
applied to a GOA circuit.

BACKGROUND ART

With evolution of photoelectric and semiconductor tech-
nology, vigorous development 1s brought in a display panel
field. In the current display field, ordinary and common
displays are a liquid crystal display, an organic light emitting
diode display and the like. In current active display panels,
a chip on a display panel 1s driven using a drive signal from
a drive circuit external to the display panel so as to display
an 1mage. Recently, 1n order to enable a frame of a display
panel to become narrow, it has gradually developed into
directly manufacturing a drive circuit on the display panel,
for example, a Gate Drive on Array (GOA for short) is
adopted to integrate a gate drive circuit on a substrate to
perform a scan of the display panel.

The GOA technology, as compared with a conventional
Chip on Film (COF) technology, not only may sharply save
manufacture costs but also saves a bonding manufacture
procedure of the COF at a gate side, which 1s extremely
advantageous to improving product capacity, and also may
make a display panel be more suitable for manufacturing a
display product with a narrow frame or a frameless display
product. Thus, the GOA technology i1s a key technology for
tuture display panel development.

FIG. 1 illustrates an illustrative circuit diagram of a
single-stage GOA circuit 1n the prior art. The GOA circuit
generally includes a plurality of single-stage GOA circuits
that are cascaded, and each single-stage GOA circuit corre-
spondingly drives a horizontal scan line at one level. As
shown 1n FIG. 1, a single-stage GOA circuit 100 includes: a
pull-up control unit 110, a pull-up unit 120, a signal down-
ward transfer unit 130, a pull-down unit 140, a pull-down
maintenance unit 150 and a bootstrap unit 160, wherein the
pull-up control unit 110 1s in charge of pre-charging a first
node Q(N), the pull-up unit 120 mainly improves a potential
of a scan signal output terminal G(IN) to control turning on
of a transistor of a pull-down unit of the upper-stage GOA
circuit, the signal downward transistor unit 130 mainly
controls transmission and cut-ofl of a scan signal 1n the
pull-up control unit 110 of the next stage GOA circuit, the
pull-down unit 140 is in charge of, at the first time, pulling,
down a potential of the first node Q(IN) and a potential of the
scan signal output terminal G(N) to a potential of a first
voltage input terminal VSS, the pull-down maintenance unit
150 1s 1n charge of maintaining a potential of the first node
Q(N) and a potential of the scan signal output terminal G(IN)
at a potential of the first voltage input terminal VSS, and the
bootstrap umt 160 1s 1n charge of improving a potential of
the first node Q(IN), which 1s helptul for output of a potential
of the scan signal output terminal G(N) of the pull-up unit
120. The potential of the first voltage mmput terminal VSS
may be a low potential, for example, may be a ground
voltage.

An electronic element 1n the pull-down maintenance unit
150 as illustrated 1n FIG. 1 1s actually a Darlington structure
inverter, ol which the specific circuit 1s as 1llustrated 1n FIG.
2. FIG. 2 illustrates an 1illustrative circuit diagram of a
Darlington structure nverter in the prior art. In the circuit
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2

diagram of the Darlington structure inverter, a low level
signal 1s 1nput at the first voltage input terminal VSS and a

high level signal 1s input at a pull-down signal input terminal
LC. When a high level signal 1s input at an inverter iput
terminal Input, an 1inverter output terminal Output outputs a
low level signal. On the contrary, when a low level signal 1s
input at an inverter input terminal Input, an inverter output
terminal Output outputs a high level signal.

In the GOA circuit structure in the prior art, the above
portions are basically placed 1n a GOA circuit structure of a
same stage, and 1n the prior art, in order to prevent severe
positive bias of a pre-voltage value Vth of components
caused by thin film transistors T32, T42 and T43 sullering
a positive bias stress (PBS) for a long time, causing the
circuit failure, two pull-down maintenance units are enabled
to alternatively function 1n a GOA circuit of a same stage,
hence, the single-stage GOA circuit structure in FIG. 1 may
be transtormed 1nto the single-stage GOA circuit structure as
illustrated 1n FIG. 3. FIG. 3 1llustrates another illustrative
circuit diagram of a single-stage GOA circuit structure 1n the
prior art. In FIG. 3, two pull-down maintenance units are
disposed to alternatively work. CK/XCK 1s a clock signal
mput terminal, ST(N) 1s a stage transfer signal output
terminal, G(N) 1s a scan signal output terminal and Q(IN) 1s
a first node. FIG. 4 15 a timing diagram of respective signals
in the single-stage GOA circuit structure as illustrated 1n
FIG. 3.

A work principle of the inverter which has been applied
to the GOA circuit 1n the prior art 1s further explained below.
FIG. 5 1llustrates an 1llustrative circuit diagram of an inverter
applied to a GOA circuit structure. In FIG. 5, a high level
signal may be input at the pull-down signal input terminal
LC, a low level signal may be mput at the first voltage input
terminal VSS, and the potential of the first node Q(IN) may
be an Alternating Current (AC) potential. As 1llustrated in
FIG. 5, when a potential of the first node Q(N) 1s a low
potential, a fourth transistor T4 and a third transistor T3 are
turned off, and a first transistor T1 1s turned on, thus, a
potential of A point 1s a high potential, thereby a second
transistor 12 1s turned on, and a potential of B point 1s a high
potential. When the potential of the first node Q(N) 1s a hugh
potential, the fourth transistor T4 1s turned on, and the firs
transistor 11 1s turned on, at this point, the potential of A
point 1s mutually pulled by a high potential of the pull-down
signal iput terminal LC and a low potential of the first
voltage mput terminal VSS so as to be at a certain interme-
diate potential, the second transistor T2 1s 1 a semi-
conducting state, and the third transistor T3 1s in a turned-on
state. Thus, the potential of B point 1s also mutually pulled
by the potential of the pull-down signal 1nput terminal LC
and the potential of the first voltage iput terminal VSS so
as not to satisiy the requirement of an absolute low potential.

SUMMARY

Exemplary embodiments of the present invention 1s to
provide a GOA circuit structure, mn which only one pull-
down maintenance unit 1s disposed. Based on the GOA
circuit structure, the exemplary embodiments of the present
invention provide a new LC control signal which may
cllectively avoid that an output terminal cannot satisiy the
requirement ol an absolute low potential when an imnverter in
the GOA circuit structure has a high potential at an input
terminal, thereby improving reliability and stability of the
GOA circuit structure.

According to an exemplary embodiment of the present
invention, a GOA circuit 1s provided, the GOA circuit being
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a cascaded multiple-stage GOA circuit, each stage GOA
circuit comprising a pull-up control unit, a pull-up unit, a
signal downward transfer unit, a pull-down unit, one pull-
down maintenance unit and a bootstrap unit, each stage
GOA circuit being disposed with a clock signal 1nput
terminal, a {first node, a first voltage input terminal, a
pull-down signal mput terminal and a scan signal output
terminal to output a scan signal onto a horizontal scan line,
the one pull-down maintenance unit comprising an inverter.
The mverter comprises first to fourth mverse transistors, a
source electrode and a gate electrode of the first inverse
transistor and a source electrode of the third inverse tran-
sistor are connected to the pull-down signal input terminal,
a gate electrode of the third inverse transistor 1s connected
to a drain electrode of the first inverse transistor, a gate
clectrode of the second inverse transistor and a gate elec-
trode of the fourth inverse transistor are connected to the first
node, a source electrode of the second inverse transistor and
a source electrode of the fourth inverse transistor are respec-

tively connected to the drain electrode of the first inverse
transistor and a drain electrode of the third inverse transistor,
and a drain electrode of the second inverse transistor and a
drain electrode of the fourth mverse transistor are connected
to the first voltage input terminal. The first node 1s disposed
between an output terminal of the pull-up control unit and
the bootstrap unit. When a potential of the first node 1s a high
potential, a potential of a pull-down signal input to the
pull-down signal input terminal 1s a low potential, and the
time when the pull-down signal 1s at a high potential and the
time when the pull-down signal 1s at a low potential during
one period of the pull-down signal are both equal to the time
when a signal at the first node 1s at a high potential.

According to an exemplary embodiment of the present
invention, the pull-up control unit 1s connected to the signal
downward transier unit through the first node.

According to an exemplary embodiment of the present
invention, the pull-down maintenance unmit further comprises
a first pull-down maintenance transistor and a second pull-
down maintenance transistor, a gate electrode of the first
pull-down maintenance transistor and a gate electrode of the
second pull-down maintenance transistor are connected to
the source electrode of the fourth inverse transistor, a source
clectrode of the first pull-down maintenance transistor and a
source electrode of the second pull-down maintenance tran-
sistor are respectively connected to the scan signal output
terminal and the first node, and a drain electrode of the first
pull-down maintenance transistor and a drain electrode of
the second pull-down maintenance transistor are connected
to the first voltage input terminal.

According to an exemplary embodiment of the present
invention, the pull-down signal 1s a clock signal.

According to an exemplary embodiment of the present
invention, 1 the GOA circuit, four pull-down signal lines for
providing signals for the pull-down signal input terminal are
disposed, and the pull-down signals provided by the four
pull-down signal lines are clock signals which have the same
wavelorm and are sequentially different by a quarter period.

According to an exemplary embodiment of the present
invention, the time when the pull-down signal 1s at a high
potential and the time when the pull-down signal 1s at a low
potential during one period of the pull-down signal are both
equal to twice as much as the time when the clock signal
input to the clock signal mput terminal 1s at a high potential
during one period of the clock signal.

According to an exemplary embodiment of the present
invention, a low potential of the pull-down signal 1s less than
or equal to a potential of the first voltage input terminal.
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According to an exemplary embodiment of the present
invention, a display panel having the above mentioned GOA
circuit 1s provided.

According to an exemplary embodiment of the present
invention, a display device having the above mentioned
display panel 1s provided.

Other aspects and/or advantages of an overall concept of
the present invention will be partially illustrated in the
following description, and the rests will be clarified through
description, or can be learned by implementation of an
overall concept of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are included to provide further comprehen-
s10n of the present invention. The drawings are incorporated
into the present description and formed as a portion of the
present description. The drawings illustrate the embodi-
ments of the present invention with examples and are used
for explaiming the principle of the present invention along
with descriptions.

FIG. 1 1illustrates an illustrative circuit diagram of a
single-stage GOA circuit structure 1n the prior art.

FIG. 2 1illustrates an illustrative circuit diagram of a
Darlington structure inverter in the prior art.

FIG. 3 illustrates another illustrative circuit diagram of a
single-stage GOA circuit structure 1n the prior art.

FIG. 4 1s a timing diagram of respective signals in the
single-stage GOA circuit structure as illustrated in FIG. 3.

FIG. § illustrates an illustrative circuit diagram of an
inverter applied to a GOA circuit structure.

FIG. 6 1illustrates an 1illustrative circuit diagram of a
single-stage GOA circuit structure of an exemplary embodi-
ment of the present invention.

FIG. 7 illustrates a timing diagram of pull-down signals
and signals at a first node of the GOA circuit structure of an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The present invention 1s more suiliciently described with
reference to the accompany drawings below, and embodi-
ments of the present imvention are illustrated in the draw-
ings. However, the present invention may be implemented 1n
many different forms, rather than being construed as being
limited to these embodiments described herein, these
embodiments are provided so that the present disclosure 1s
made thorough, and the scope of the present mmvention 1s
sufliciently conveyed to those skilled 1n the art. One or more
equivalent arrangements may be used to implement respec-
tive exemplary embodiments. In addition, the same refer-
ence sign indicates the same element.

Although various elements, components, areas, layers
and/or parts may be described by using terms such as “first”,
“second” and the like, these elements, components, areas,
layers and/or parts should not be limited by these terms.
These terms are used for distinguishing one element, com-
ponent, area, layer and/or part from another element, com-
ponent, area, layer and/or part. Thus, 1n the case of not
deviating from a teaching of the present invention, a first
clement, a first component, a first area, a first layer and/or a
first part, discussed below, may be named as a second
clement, a second component, a second area, a second layer
and/or a second part.

Unless otherwise defined, all of terms (including technical
terms and scientific terms) used here have the same mean-




US 10,810,923 B2

S

ings as the meanings generally comprehended by those
ordinary skilled in the art. Unless so clearly defined here,
terms (such as the terms defined in a general dictionary)
should be construed to have the meanings consistent with
theirr meanings 1n a context of a related field, rather than
being construed with i1dealized or over-formalized mean-
Ings.

In addition, the transistor 1n the present application may
be a thin film transistor, which includes a gate electrode, a
source electrode and a drain electrode. In following embodi-
ments, an N type transistor 1s taken as an example for
description. However, the present invention 1s not limited to
this. In other embodiments, the transistor in the present
application may also be a P type transistor, and when the
transistor 1s a P type transistor, a timing diagram concerning,
signals may be correspondingly amended. In addition, a
source electrode and a drain electrode of the transistor in the
present application may be exchangeable.

Exemplary embodiments of the invention will be
described 1n detail heremaifter with reference to the accom-
panying drawings.

FIG. 6 illustrates an illustrative circuit diagram of a
single-stage GOA circuit structure 200 of an exemplary
embodiment of the present mmvention. A GOA circuit 1s
provided 1n the exemplary embodiment of the present inven-
tion, which 1s formed by cascading multiple single-stage
GOA circuit structures 200. In the following description, the
Nth-stage GOA circuit structure 1s taken as an example,
wherein N 1s an integer larger than O. In the single-stage
GOA circuit structure 200 as said in FIG. 6, a pull-up control
unit 210, a pull-up unit 220, a signal downward transier unit
230, a pull-down unit 240, a pull-down maintenance unit
250 and a bootstrap umt 260 are included.

The pull-up control unit 210 may include a pull-up control
transistor T11, wherein a gate electrode of the pull-up
control transistor T11 may be connected to an upper-stage
stage transfer signal output terminal ST(N-1), a source
clectrode of the pull-up control transistor T11 may be
connected to an upper-stage scan signal output terminal
G(N-1), and a drain electrode of the pull-up control tran-
sistor T11 may be connected to a first node Q(IN). Thus, the
pull-up control transistor T11 may be turned on under a
control of an upper-stage stage transier signal, so as to an
upper-stage scan signal 1s transmitted to the first node Q(N)
to accomplish a pre-charging of the first node Q(N).

The pull-up unit 220 may include a pull-up transistor T21.
A gate electrode of the pull-up transistor 121 may be
connected to the first node Q(N), a source electrode of the
pull-up transistor T21 may be connected to a clock signal
input terminal CK/XCK, and a drain electrode of the pull-up
transistor T21 may be connected to a scan signal output
terminal G(IN). On the other hand, the drain electrode of the
pull-up transistor T21 may be connected to a source elec-
trode of a pull-up control transistor T11 of a lower-stage
pull-up control unit 210. Thus, the pull-up transistor T21
may be turned on under a control of the first node Q(IN),
thereby outputting a clock signal to the scan signal output
terminal G(N) to improve a potential of the scan signal.

The s1ignal downward transfer unit 230 may output a stage
transier signal through the input clock signal under a control
of a potential of the first node Q(N), thereby controlling
turn-on and turn-ofl of the lower-stage pull-up control
transistor 1T11. The signal downward transfer umt 230 may
include a signal downward transfer transistor 1T22. A gate
clectrode of the signal downward transfer transistor 122
may be connected to the first node Q(N), a source electrode
of the signal downward transfer transistor T22 may be

5

10

15

20

25

30

35

40

45

50

55

60

65

6

connected to the clock signal input terminal CK/XCK, and
a drain electrode of the signal downward transier transistor
122 may be connected to the stage transier signal output
terminal ST(N). Thus, the signal downward transier transis-
tor T22 may be turned on under a control of a signal of the
first node Q(N) to output the clock signal as the stage
transier signal.

The pull-down unit 240 may pull down the potential of the
first node Q(N) and the scan signal output terminal G(N) to
a first voltage under a control of a lower-stage scan signal
and maintain the voltage of the first node Q(IN) and the scan
signal at the first voltage. The pull-down unit 240 may
include a first pull-down transistor T31 and a second pull-
down transistor T41. A gate electrode of the first pull-down
transistor T31 may be connected to a lower-stage scan signal
output terminal G(IN+1), and a source electrode and a drain
clectrode of the first pull-down transistor T31 may be
connected to the scan signal output terminal G(N) and the
first voltage input terminal VSS, respectively. A gate elec-
trode of the second pull-down transistor T41 may also be
connected to the lower-stage scan signal output terminal
G(N+1), and a source electrode and a drain electrode of the
second pull-down transistor T41 may be connected to the
first node Q(N) and the first voltage mput terminal VSS,
respectively. Thus, the first pull-down transistor 131 and the
second pull-down transistor T41 may be turned on under a
control of a lower-stage scan signal, thereby pulling down
the potential of the first node Q(N) to a first voltage and
maintaining the present stage scan signal at the first voltage.
The potential of the first voltage input terminal VSS may be
a low potential, for example, may be a ground voltage.

The pull-down maintenance unit 250 may include an
inverter unit 251, a first pull-down maintenance transistor
132 and a second pull-down maintenance transistor 142.
The mnverter unit 251 may be disposed between the voltage
input terminal VSS and the pull-down signal input terminal
LC(N). An mput terminal of the inverter unit 251 may be
connected to the first node Q(N), and may be connected to
a drain electrode of the pull-up control transistor T11 of the
pull-up control unit 210. In other words, the mput terminal
of the inverter unit 251 may be disposed between a drain
clectrode of the pull-up control transistor T11 and the first
node Q(N). An output terminal of the mverter unit 251 1s
connected to a gate electrode of the first pull-down main-
tenance transistor T32 and a gate electrode of the second
pull-down maintenance transistor T42. An mput high level
signal can be converted into a low level signal by the
iverter unit 251 to be output to the gate electrode of the first
pull-down maintenance transistor 132 and the gate electrode
of the second pull-down maintenance transistor T42, or an
input low level signal can be converted into a high level
signal by the inverter unit 251 to be output to the gate
clectrode of the first pull-down maintenance transistor 132
and the gate electrode of the second pull-down maintenance
transistor T42. A source electrode of the first pull-down
maintenance transistor 132 may be connected to the scan
signal output terminal G(N), and a drain electrode of the first
pull-down maintenance transistor T32 may be connected to
the first voltage input terminal VSS. A source electrode and
a drain electrode of the second pull-down maintenance
transistor 1742 may be connected to the first node Q(N) and
the first voltage input terminal VSS, respectively. The first
pull-down maintenance transistor T32 and the second pull-
down maintenance transistor 142 may be turned on under a
control of an output signal of the inverter, thereby main-
taining the voltage of the first node Q(N) and the scan signal
output terminal G(N) at the first voltage.
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The inverter unit 251 may be a Darlington inverter, which
may include four transistors, that 1s, first to fourth inverse
transistors 131, T52, T33 and T54. A gate electrode of the
first inverse transistor T51 may be connected to a pull-down
signal mput terminal LC(N), and may be connected to a
source electrode of the first inverse transistor T51, that 1s, the
first inverse transistor 151 may be 1 diode connection. A
drain electrode of the first inverse transistor T31 may be
connected to a gate electrode of the third inverse transistor
153 and a source electrode of the second inverse transistor
152. A gate electrode of the second inverse transistor 152
may be connected to the first node Q(N), and a source
clectrode and a drain electrode of the second 1nverse tran-
sistor 152 may be connected to the drain electrode of the first
inverse transistor T51 and the first voltage input terminal
VSS, respectively. The gate electrode of the third inverse
transistor 153 may be connected to the drain electrode of the
first 1nverse transistor T51, and a source electrode and a
drain electrode of the third inverse transistor 153 may be
connected to the pull-down signal input terminal LC(N) and
a drain electrode of the fourth inverse transistor 154. A gate
clectrode of the fourth inverse transistor T54 may be con-
nected to the first node Q(N), and a source electrode and the
drain electrode of the fourth mverse transistor T54 may be
connected to the drain electrode of the third inverse tran-
sistor T53 and the first voltage input terminal VSS, respec-
tively.

The gate electrode of the first pull-down maintenance
transistor 132 and the gate electrode of the second pull-
down maintenance transistor 142 may be connected
between the third inverse transistor T33 and the fourth
inverse transistor T34, that 1s, the gate electrode of the first
pull-down maintenance transistor T32 and the gate electrode

of the second pull-down maintenance transistor T42 may be
connected to the source electrode of the fourth inverse
transistor 1T34.

The bootstrap unit 260, which may include a bootstrap
capacitor Cbt, may be coupled between the first node Q(IN)
and the scan signal output terminal G(N), and may improve
and maintain the potential of the first node Q(N). Both
terminals of the bootstrap capacitor Cbt are connected to the
first node Q(IN) and the scan signal output terminal G(IN),
respectively.

Below the inverter unit 251 1s further described 1n detail
with reference to the contents illustrated 1n FIGS. 6 and 7.
FIG. 7 illustrates a timing diagram of pull-down signals and
signals at a first node of the GOA circuit structure of an
exemplary embodiment of the present invention.

As 1llustrated 1n FIG. 7, 1n the exemplary embodiment of
the present invention, the pull-down signal mput terminal
LC(N) may be mput with the pull-down signal similar to a
clock signal. In the entire GOA circuit structure of the
present 1nvention, the pull-down signal mput terminal
LC(N) may be disposed with four pull-down signal lines
LC1, LC2, LC3 and LC4. In one period of the pull-down
signal, the time when the pull-down signal 1s at a high
potential and the time when the pull-down signal at a low
potential are both the time t when the signal at the first node
Q(N) 1s at a high potential, that 1s, the time when the
pull-down signal 1s at a high potential and the time when the
pull-down signal at a low potential are both twice as much
as the time when the clock signal input to the clock signal
input terminal CK/XCK 1s at a high potential.

Supposing that a pull-down signal corresponding to the
Nth stage GOA circuit structure 1s LC1, a pull-down signal
corresponding to the N+1th stage GOA circuit structure 1s
L.C2, the pull-down signal corresponding to the N+2th stage
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GOA circuit structure 1s LC3, and the pull-down signal
corresponding to the N+3th stage GOA circuit structure 1s
L.C4. In a similar fashion, a pull-down signal corresponding
to the N+4th stage GOA circuit structure 1s LC1, a pull-
down signal corresponding to the N+5th stage GOA circuit
structure 1s L.C2, and so on.

Here, the Nth stage GOA circuit structure 1s taken as an
example to explain the operation of the mverter unit 251,
when the first node Q(N) 1s at a high potential and the
pull-down signal LC1 1s at a low potential, the first inverse
transistor T51 and the third mnverse transistor T33 are turned
ofl, the second inverse transistor T52 and the fourth inverse
transistor 154 are turned on, and the first pull-down main-
tenance transistor 132 and the second pull-down mainte-
nance transistor T42 are turned oil. Since the pull-down
signal LC1 at this point 1s not a high potential any more, the
mutually pulling between the first voltage and the pull-down
signal LC1 does not exist.

When the first node Q(N) 1s at a low potential and the
pull-down signal L.C1 1s at a high potential, the first inverse
transistor T51 and the third mnverse transistor T33 are turned
on, the second inverse transistor T52 and the fourth inverse
transistor 154 are turned off, and the first pull-down main-
tenance transistor 132 and the second pull-down mainte-
nance transistor T42 are turned on. The pull-down mainte-
nance unit 250 normally works.

When the first node Q(IN) 1s at a low potential and the
pull-down signal LC1 1s likewise at a low potential, first to
fourth 1nverse transistors 151, T52, TS3 and T54 are all
turned ofl, and the pull-down maintenance unit 250 does not
work.

It may be seen based on the work principle of the inverter
unit 251 that m order to make the inverter unit 251 better
produce an eflect, when the potential of the first node Q(N)
1s a high potential, the potential of the pull-down signal LC1
1s a low potential. When the potential of the pull-down signal
L.C1 1s a high potential, the potential of the first node Q(IN)
1s a low potential. In addition, 1n one period of the pull-down
signal, the time when the pull-down signal 1s at a high
potential and the time when the pull-down signal 1s at a low
potential are both the time t when the potential at the first
node Q(N) 1s at a high potential.

In the exemplary embodiment of the present invention,
the pull-down signals LC1, LC2, LC3 and LC4 may be
selected to be clock signals which have the same waveform
and are sequentially different by a quarter period.

In addition, 1n order to enable the first inverse mainte-
nance transistor T32 and the second inverse maintenance
transistor 142 to be better turned off, the low potential of the
pull-down signal shall be less than or equal to the potential
of the first voltage put terminal VSS. Since conversion
between a high potential and a low potential has appeared in
the potential of the pull-down signal mnput terminal LC(IN),
the first inverse maintenance transistor 132 and the second
inverse maintenance transistor T42 are subject to two func-
tions of a Positive Bias Stress and a Negative Bias Stress
(NBS) so that the problem on mvalidity of a thin film
transistor component caused due to being subject to a single
pressure 1s improved.

In the prior art, the potential input at the pull-down signal
mput terminal LC 1s a high potential, however, in the
exemplary embodiment of the present invention, the signal
input at the pull-down signal mput terminal LC(N) 1s a
cyclical clock signal, and conversion between a high poten-
tial and a low potential has appeared in the signal input at the
pull-down signal mput terminal LC(N). In the exemplary
embodiment of the present invention, when the potential of
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the first node Q(N) 1s a high potential, the potential of the
pull-down signal LC1 1s a low potential, and 1n one period
of the pull-down signal, the time when the pull-down signal
1s at a high potential and the time when the pull-down signal
1s at a low potential are both the time t when the potential at

the first node Q(N) 1s at a high potential. Thus, 1n the
exemplary embodiment of the present invention, the output
terminal not satisfying the requirement for an absolute low
potential when the mverter unit has a high potential at the

input terminal can be prevented, thereby improving reliabil-
ity and stability of the GOA circuit structure.

In addition, since only one pull-down maintenance unit 1s
disposed in the single-stage GOA circuit structure of the
present application, the circuit structure 1s simplified while
satisfying the circuit function, thereby facilitating a narrow
frame design of a display panel.

According to an exemplary embodiment of the present
invention, the present mvention may provide a display
panel, which includes a display area and a GOA circuit on
an edge of the display area, wherein the GOA circuit 1s
similar to the GOA circuit structure and principle in the
above embodiments, and no more details are given here.

According to an exemplary embodiment of the present
invention, the present mvention may further provide a
display device, which may include the display panel 1n the
above embodiments.

In conclusion, the present invention provides a simplified
GOA circuit, 1n which an pull-down signal having conver-
sion of a high potential and a low potential may be applied,
the output terminal not satisfying the requirement for an
absolute low potential when the inverter unit has a high
potential at the input terminal can be effectively prevented,
thereby 1mproving reliability and stability of the GOA
circuit structure.

Although some exemplary embodiments of the present
invention have been shown and described, it will be under-
stood by those skilled 1n the art that the amendments can be
made to those embodiments without departing from the
principle and spinit of the present invention of which the
scope 15 defined by the claims and the equivalents thereof.

What 1s claimed 1s:

1. A GOA circuit, the GOA circuit being a cascaded
multiple-stages GOA circuit, each stage GOA circuit com-
prising a pull-up control unit, a pull-up unit, a signal
downward transfer unit, a pull-down unit, one pull-down
maintenance unit and a bootstrap unit, each stage GOA
circuit being disposed with a clock signal input terminal, a
first node, a first voltage mput terminal, a pull-down signal
input terminal, and a scan signal output terminal to output a
scan signal onto a horizontal scan line, and the one pull-
down maintenance unit comprising an inverter,

wherein the inverter comprises first to fourth inverse

transistors, a source electrode and a gate electrode of
the first inverse transistor and a source electrode of the
third inverse transistor are connected to the pull-down
signal input terminal, a gate electrode of the third
inverse transistor 1s connected to a drain electrode of
the first inverse transistor, a gate electrode of the second
inverse transistor and a gate electrode of the fourth
inverse transistor are connected to the first node, a
source electrode of the second inverse transistor and a
source electrode of the fourth inverse transistor are
respectively connected to the drain electrode of the first
iverse transistor and a drain electrode of the third
inverse transistor, and a drain electrode of the second
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inverse transistor and a drain electrode of the fourth
inverse transistor are connected to the first voltage
input terminal,

wherein the first node 1s disposed between an output

terminal of the pull-up control unit and the bootstrap
unit, and

wherein when a potential of the first node 1s a high

potential, a potential of a pull-down signal mput to the
pull-down signal input terminal 1s a low potential, and
the time when the pull-down signal 1s at a high potential
and the time when the pull-down signal 1s at a low
potential during one period of the pull-down signal are
both equal to the time when a signal at the first node 1s
at a high potential.

2. The GOA circuit of claim 1, wherein the pull-up control
unmt 1s connected to the signal downward transfer umnit
through the first node.

3. The GOA circuit of claim 1, wherein the pull-down
maintenance unit further comprises a first pull-down main-
tenance transistor and a second pull-down maintenance
transistor, a gate electrode of the first pull-down mainte-
nance transistor and a gate electrode of the second pull-
down maintenance transistor are connected to the source
electrode of the fourth inverse transistor, a source electrode
of the first pull-down maintenance transistor and a source
electrode of the second pull-down maintenance transistor are
respectively connected to the scan signal output terminal and
the first node, and a drain electrode of the first pull-down
maintenance transistor and a drain electrode of the second
pull-down maintenance transistor are connected to the first
voltage mput terminal.

4. The GOA circuit of claim 1, wherein the pull-down
signal 1s a clock signal.

5. The GOA circuit of claim 4, wherein 1n the GOA
circuit, four pull-down signal lines for providing signals for
the pull-down signal input terminal are disposed, and the
pull-down signals provided by the four pull-down signal
lines are clock signals which have the same waveform and
are sequentially different by a quarter period.

6. The GOA circuit of claim 1, wherein the time when the
pull-down signal 1s at a high potential and the time when the
pull-down signal 1s at a low potential during one period of
the pull-down signal are both equal to twice as much as the
time when the clock signal input to the clock signal input
terminal 1s at a high potential during one period of the clock
signal.

7. The GOA circuit of claim 1, wherein a low potential of
the pull-down signal 1s less than or equal to a potential of the
first voltage input terminal.

8. A display panel, which comprises a GOA circuit,
wherein the GOA circuit 1s a cascaded multiple-stages GOA
circuit, each stage GOA circuit comprises a pull-up control
umt, a pull-up unit, a signal downward transfer unit, a
pull-down unit, one pull-down maintenance unit and a
bootstrap unit, each stage GOA circuit 1s disposed with a
clock signal input terminal, a first node, a first voltage input
terminal, a pull-down signal mnput terminal, and a scan
signal output terminal to output a scan signal onto a hori-
zontal scan line, and the one pull-down maintenance unit
comprises an inverter,

wherein the inverter comprises first to fourth inverse

transistors, a source electrode and a gate electrode of
the first inverse transistor and a source electrode of the
third 1nverse transistor are connected to the pull-down
signal input terminal, a gate electrode of the third
iverse transistor 1s connected to a drain electrode of
the first inverse transistor, a gate electrode of the second
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inverse transistor and a gate electrode of the fourth
inverse transistor are connected to the first node, a
source electrode of the second inverse transistor and a
source electrode of the fourth inverse transistor are
respectively connected to the drain electrode of the first
inverse transistor and a drain electrode of the third
inverse transistor, and a drain electrode of the second
inverse transistor and a drain electrode of the fourth
iverse transistor are connected to the first voltage
input terminal,

wherein the first node 1s disposed between an output

terminal of the pull-up control unit and the bootstrap
unit, and

wherein when a potential of the first node 1s a high

potential, a potential of a pull-down signal 1nput to the
pull-down signal imnput terminal 1s a low potential, and
the time when the pull-down signal 1s at a high potential
and the time when the pull-down signal 1s at a low
potential during one period of the pull-down signal are
both equal to the time when a signal at the first node 1s
at a high potential.

9. The display panel of claim 8, wheremn the pull-up
control unit 1s connected to the signal downward transfer
unit through the first node.

10. The display panel of claim 8, wherein the pull-down
maintenance unit further comprises a first pull-down main-
tenance transistor and a second pull-down maintenance
transistor, a gate electrode of the first pull-down mainte-
nance transistor and a gate electrode of the second pull-
down maintenance transistor are connected to the source
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electrode of the fourth inverse transistor, a source electrode
of the first pull-down maintenance transistor and a source
clectrode of the second pull-down maintenance transistor are
respectively connected to the scan signal output terminal and
the first node, and a drain electrode of the first pull-down
maintenance transistor and a drain electrode of the second
pull-down maintenance transistor are connected to the first
voltage 1nput terminal.

11. The display panel of claim 8, wherein the pull-down

signal 1s a clock signal.

12. The display panel of claim 11, wherein in the GOA
circuit, four pull-down signal lines for providing signals for
the pull-down signal input terminal are disposed, and the
pull-down signals provided by the four pull-down signal
lines are clock signals which have the same waveform and
are sequentially different by a quarter period.

13. The display panel of claim 8, wherein the time when
the pull-down signal 1s at a high potential and the time when
the pull-down signal 1s at a low potential during one period
of the pull-down signal are both equal to twice as much as
the time when the clock signal input to the clock signal input
terminal 1s at a high potential during one period of the clock
signal.

14. The display panel of claim 8, wherein a low potential
of the pull-down signal 1s less than or equal to a potential of
the first voltage input terminal.

15. A display device, which comprises the display panel
of claim 8.
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